Maxillomandibular advancement (MMA) is effective for the treatment of obstructive sleep apnea (OSA). In previous studies, the airway was increased in the anteroposterior and transverse dimensions after MMA. However, the effect of the opposite of mandibular movement (mandibular setback) on the airway is still controversial. Mandibular setback surgery has been suggested to be one of the risk factors in the development of sleep apnea. Previous studies have found that mandibular setback surgery could reduce the total airway volume and posterior airway space significantly in both the one-jaw and two-jaw surgery groups. However, a direct cause-and-effect relationship between the mandibular setback and development of sleep apnea has not been clearly established. Moreover, there are only a few reported cases of postoperative OSA development after mandibular setback surgery. These findings may be attributed to a fundamental difference in demographic variables such as age, sex, and body mass index (BMI) between patients with mandibular prognathism and patients with OSA. Another possibility is that the site of obstruction or pattern of obstruction may be different between the awake and sleep status in patients with OSA and mandibular prognathism. In a case-controlled study, information including the BMI and other presurgical conditions potentially related to OSA should be considered when evaluating the airway. In conclusion, the preoperative evaluation and management of co-morbid conditions would be essential for the prevention of OSA after mandibular setback surgery despite its low incidence.
Background
For patients with prognathism or skeletal class III malocclusion, mandibular setback surgery is frequently performed to improve esthetic and functional problems. Although mandibular setback surgery can greatly improve the patients' chief complaints, several recent reports and a systematic review on airway changes after mandibular setback surgery have shown significant changes in the pharyngeal airway volume or posterior pharyngeal airway space (PAS) [1, 2] . However, it is controversial that mandibular setback surgery can induce postoperative obstructive sleep apnea (OSA). In a previous study, two patients with a large mandibular setback (13.7 mm and 12.6 mm) developed mild OSA 6 months after mandibular setback surgery [3] . In addition, a recent study reported that among 12 patients with a mandibular setback exceeding 10 mm, 4 patients developed postoperative OSA, and the apnea-hypopnea index (AHI) was slightly increased significantly after the surgery [4] . Another study found that although subjective symptoms were not exacerbated, objective sleep quality was decreased after mandibular setback surgery [5] . When mandibular setback was performed with maxillary advancement or posterior impaction, the pharyngeal airway volume significantly decreased. However, it did not significantly affect AHI values or induce OSA [6] . Furthermore, two systematic reviews indicated that there was no clear evidence to confirm whether two-jaw surgery or isolated mandibular surgery may be a causative factor of OSA development [1, 7] . Currently, a direct cause-and-effect relationship between the mandibular setback and development of sleep apnea has not been clearly established.
Positive airway pressure therapy is primarily recommended for patients with severe OSA. However, when patients with severe OSA cannot tolerate the therapy, maxillomandibular advancement (MMA) is recommended as a surgical option to increase the airway space [8] . A meta-analysis of the efficacy of MMA for treating OSA has been conducted using the results from 45 studies involving 455 patients [9] and clearly showed MMA can improve airway patency. In previous assessments of three-dimensional (3D) airway changes after MMA, the total airway volume was significantly increased [10] [11] [12] . The increase in the transverse airway was even greater than that in the anteroposterior airway [13] .
Based on the results of previous studies involving mandibular setback, in the reverse direction of mandibular advancement, it can be assumed that there would be many OSA patients or a risk of OSA development after mandibular setback surgery. Various studies have indicated the possibility of sleepdisordered breathing after mandibular setback surgery. However, there are only a few reported cases of postoperative OSA development. The purpose of this review is to investigate various factors related to postoperative airway changes after mandibular setback surgery and answer the key question: why most patients do not exhibit OSA after a significant amount of mandibular setback?
Review
Orthognathic surgery that moves maxillomandibular structures could affect skeletal structures and related soft tissues including the soft palate, tongue, and epiglottis. Nasopharyngeal and oropharyngeal airways are significantly affected by the direction and amount of maxilla and mandibular movements [1, 11, 12] . Advancement surgeries such as MMA could significantly improve the oropharyngeal airway; however, the posterior movement of the mandible usually narrows the airway [1, 2, 8, 9] . In this review, the difference in the results of MMA and mandibular setback was compared, and potential factors related to the development of OSA after mandibular setback surgery were reviewed.
Significant airway reduction after mandibular setback surgery
Various studies on mandibular setback surgery have reported that the airway volume was significantly decreased. Based on a review of previous literature on the pharyngeal airway volume, the total pharyngeal airway volume (TPV) was decreased to 75.2~80.9% after surgery and recovered to 70.7~87.7% over 1 year after surgery compared with the presurgical volume [14] [15] [16] [17] [18] [19] (Table 1) . It was also reported that two-jaw surgery with mandibular setback and maxillary advancement or with maxillary posterior impaction could induce significant airway volume reduction after surgery [4, 6, 14-16, 18, 20-24] . The TPV was decreased to 82.0~96.8% in the short term after surgery and recovered to 84.5~98.0% around 6 months after surgery ( Table 2 ). However, the degree of airway reduction was smaller than that in mandibular setback surgery alone [6, 14, 16, 25, 26] . Immediately after surgery, airway narrowing was more severe because of soft tissue edema. Although airway narrowing was improved after surgery, the pharyngeal airway volume remained lower compared with the preoperative airway volume. The comparative studies and meta-analysis of mandibular setback surgery have shown that maxillary advancement or maxillary posterior impaction would be able to attenuate the narrowing of the airway [2, 27] . The AHI is defined as the total number of apneas and hypopneas per hour of sleep by polysomnography. There have been several reports on the AHI before or after mandibular setback surgery [3-6, 26, 28, 29] . The categories for OSA can be defined as follows: normal, AHI < 5; mild sleep apnea, 5 ≤ AHI < 15; moderate sleep apnea, 15 ≤ AHI < 30; severe sleep apnea, AHI ≥ 30 [30] . The average AHI of patients was reported to range from 0.4 to 3.1 before surgery and 1.1 to 4.75 after surgery. The estimated total average of the preoperative and postoperative AHI was 1.9 ± 0.8 and 2.3 ± 1.1, respectively (Table 3 ). Based on the OSA categories, most studies demonstrated that the average AHI after mandibular setback surgery with or without maxillary advancement remained normal even though there was a slight increase in the AHI value after surgery. According to World Health Organization definitions, BMI ≥ 30 kg/m 2 can be defined as obesity, and BMI 25-29.9 kg/m 2 can be defined as overweight [31] . Since the most of the studies on airway changes after mandibular setback surgery frequently included non-obese or non-overweight (BMI < 25) and non-OSA patients before surgery, it can be hypothesized that there may be a lower risk of OSA development among these patients [3, 6, 16, 20, 21, 23, 26, 28, 29, 32] (Table 3) .
A narrowing airway can eventually lead to the development of breathing problems and OSA after surgery, as indicated by several studies [3, 15, 28, 33] . Postoperative OSA development after mandibular setback surgery has been reported in several studies [3, 4, 26] . Table 4 summarizes the information for seven reported cases of OSA after mandibular setback surgery. The overall amount of mandibular setback was large in these patients (9.61-14.26 mm) compared with patients in the previous studies, which investigated airway changes after mandibular setback surgery shown in (Table 1) . One patient who developed postoperative OSA already had a high BMI and AHI before surgery [26] . Interestingly, even for an underweight patient with a normal AHI (BMI of 18.9, preoperative AHI of 0.2), the AHI was increased to 7 [4] . However, a recent review of previously published systematic reviews suggested that although the development of postsurgical OSA has been reported, there is no clear evidence that confirms a direct cause-and-effect relationship between mandibular setback surgery and OSA development [27] . For patients with severe mandibular prognathism or patients with potential for OSA development, two-jaw surgery should be strongly considered [34] . In addition, a study reported that although there are no subjective symptoms after mandibular setback with or without maxillary surgery, objective sleep quality determined by polysomnography may be decreased [5] . However, a short-term observation period (3 months) needs to be considered in this previous study.
Improvement of airway patency by MMA
MMA has been frequently reported to be an effective method to treat or reduce OSA severity [9, 11, 35] and has shown a high treatment success rate (> 85%) [36] . Since mandibular setback surgery is in the reverse direction of mandibular advancement, an objective comparison of previous findings for the two different procedures is needed.
According to a systematic review and meta-analysis based on 45 studies, the preoperative AHI (57.2 ± 25.4) was significantly decreased to 9.5 ± 10.4, and the preoperative BMI of OSA patients was 33.8 ± 9.7 with an average age of 45.3 ± 10.0 years [9] . In the current review, the average age of patients who underwent MMA ranged from 33 to 53.8 years (average 45.7 ± 5.4 years) based on previous studies [12, 13, 33, [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] (Table 5) .
Most of the studies included overweight patients (BMI > 25), and the average preoperative AHI was 51.1 ± 12.6. The average AHI after MMA ranged from 4.8 to 29.4 (12.3 ± 7.5). Interestingly, a comparison of the results of Tables 3 and 5 revealed that although the AHI was greatly improved after MMA, the value was still higher than the average postoperative AHI after mandibular setback surgery (range, 1.1-4.75; average, 2.3 ± 1.1; Table 3 ). The improved (decreased) AHI after MMA for OSA was still higher than the increased AHI after mandibular setback. A comparison of the airway dimension revealed that the improved PAS (from 5.5 ± 2.8 mm to 11.5 ± 3.8 mm) after MMA for OSA [9] was still similar or narrower than the decreased PAS after mandibular setback surgery (preoperative PAS, 9.6-25.1 mm; postoperative PAS, 9.6-20.3 mm) [1] . Most of the patients who underwent mandibular setback surgery were young and not obese on average compared with patients who underwent MMA. Notably, the range of the patients' age, BMI, and perioperative AHI was different between the two groups (mandibular setback vs. MMA).
Factors related to rare OSA development after mandibular setback
Three factors can explain the sporadic incidence of postoperative OSA after mandibular setback surgery despite the presence of data showing airway narrowing after surgery: age and gender, BMI, and study design.
Age and gender
Age can influence sleep by affecting pharyngeal collapsibility during sleep. Aged patients have been reported to show increased pharyngeal collapsibility during sleep [48] .
As the age increases, the BMI usually increases with changes in the muscle tone, connective tissue flaccidity, and adipose tissue distribution [49] . However, younger age and female gender are less likely to be affected by airway collapse [50] . Interestingly, there is a fundamental difference between males and females in terms of pharyngeal airway anatomy or tissue characteristics. Males are more susceptible than females to load-induced hypoventilation because of the increased airway collapse [51] . There is a vicious cycle between poor sleep and low testosterone levels. A low testosterone level results in a higher OSA risk [52] . Estrogen protects against OSA by exerting antidepressant and sleep effects. A reduced estrogen level could affect the level of serotonin, which controls the tongue and palate muscle tone [53] . In women who are pregnant or with menopause, the OSA risk is higher [54] As shown in Table 5 , patients who underwent MMA are usually older and male compared with patients who underwent mandibular setback surgery. The lack of postoperative OSA after mandibular setback surgery may be attributed to a fundamental difference in demographic variables between patients with mandibular prognathism and patients with OSA. Therefore, if mandibular setback surgery is needed for aged, male patients with a high BMI, it is important to inform the patients of the potential risk of postoperative OSA even though it is very rare. 
BMI
OSA is known to affect multiple body systems. The prevalence of OSA is increased in obese subjects. Obesity is a predisposition to OSA [55, 56] . An excessive body weight results in structural and functional changes in the upper airway and changes the balance between ventilation and perfusion. OSA patients usually have a more narrow and collapsible pharynx and show a larger cross-sectional area of adipose tissue adjacent to the pharyngeal airway [57] . According to autopsy data, lingual fat is distributed mainly at the posterior tongue (30%) rather than the anterior tongue (11%) or other somatic muscles (3%). Furthermore, lingual fat is significantly correlated with the BMI [58] . The tongue volume is increased in patients with OSA. Fat deposition at the base of the tongue has been found to be significantly increased in patients with OSA compared with control patients without OSA. This finding may also explain the significant effect of obesity on OSA [59] . The relationship between OSA and obesity can be explained by the increased collapsibility of the airway due to substantial fat accumulation in two areas: the pharyngeal airway and lungs (Figure 1) . First, the pharyngeal airway may be decreased due to an excess of soft tissue content relative to the existing size of the mandibular skeleton. This can increase tissue pressure surrounding the pharyngeal airway. Second, the lung volume may be decreased by excessive visceral fat deposition in a given chest volume between the vertebrae and rib cage. These can reduce tracheal traction forces and tension in the pharyngeal wall [60] . Therefore, an efficient strategy for the treatment of OSA would be to increase the framework size or reduce the soft tissue volume. On the other hand, the development of postoperative OSA after mandibular setback surgery could be related to the reduction of both the mandibular skeletal framework size and the soft tissue surrounding the pharyngeal airway. It can be hypothesized that the collapsibility of the pharyngeal airway is different between patients with OSA and patients with mandibular prognathism. In addition, a considerable BMI difference between patients with mandibular prognathism and patients with OSA can explain the rare occurrence of postoperative OSA after mandibular setback surgery.
Study design
A number of studies investigating airway changes after mandibular setback surgery have fundamental problems in their design including the lack of a normal control group. They mostly compared one-jaw and two-jaw surgery without data for the normal control. The lack of a matched control group in terms of gender, age, or BMI results in uncertainty whether the airway volume reduction after mandibular setback indicates a real risk of OSA. Moreover, most previous studies did not examine the preoperative BMI or sleep disorders; thus, it is difficult to clarify whether postoperative OSA is caused by the aggravation of preexisting conditions or primarily by the surgery itself. To the best of our knowledge, only one study has compared the preoperative and postoperative pharyngeal airway in cases of mandibular setback surgery with maxillary surgery using age-and sex-matched control subjects [20] . According to this previous study, the TPV was significantly reduced from 23.1 cm 3 to 20.4 cm 3 after surgery. The reduced TPV after surgery was not lower in the experimental group compared with the age-, sex-, and BMI-matched normal control group (17.6 cm 3 ). In a systematic review by Canellas et al., airway volume reduction in mandibular setback surgery and a decreased minimum cross-sectional area were not accompanied by signs and symptoms of OSA [1] . The association can be better investigated by a well-designed case-control clinical study with a larger number of normal subjects.
Recently, it has been revealed that obstruction sites may not be visible on conventional radiographic evaluation or awake clinical examination. Therefore, drug-induced sleep endoscopy is widely used for a reliable assessment of the level and degree of upper airway obstruction [61] . The site of obstruction or pattern of obstruction may be different between the awake and sleep status in patients with OSA and mandibular prognathism. Therefore, this should be considered in the detection and analysis of potential postoperative OSA after mandibular setback.
Conclusion
Mandibular setback surgery may be a risk factor for sleep-disordered breathing considering the evidence of decreased pharyngeal airway volume after surgery. However, there are only a few reported cases of postoperative Fig. 1 Relationship between obesity and OSA. The mandibular skeleton or vertebrae can serve as a rigid framework. Increased fat accumulation at the pharyngeal airway can increase tissue pressure surrounding the pharyngeal airway. The lung volume may be decreased by excessive visceral fat deposition in the chest cavity between the vertebrae and ribs OSA after mandibular setback surgery. It is possible that risk factors for OSA development, such as older age, high BMI, and male gender, are not prevalent in the study population. The BMI and presurgical conditions should be considered in the evaluation of the airway. Therefore, the preoperative evaluation and management of co-morbid conditions would be essential for the prevention of OSA after mandibular setback surgery. Patients having high-risk factors for OSA development need to be aware of potential postoperative OSA after mandibular setback surgery despite its low incidence.
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